All reactions were carried out under an atmosphere of nitrogen or argon in oven-dried glassware with magnetic stirring, unless otherwise indicated. All other reagents were used as obtained unless otherwise noted. Toluene was purchased from JT Baker and purified by a Cycle-Tainer Solvent Delivery System. Flash Chromatography was performed with Fluka silica gel 60 (0.040-0.063 µm grade). Analytical thin-layer chromatography was performed with commercial glass plates coated with 0.25 mm silica gel (E. Merck, Kieselgel 60 F254). Compounds were visualized by UV-light at 254 nm and by dipping the plates in an ethanolic vanillin/sulfuric acid solution or an aqueous potassium permanganate solution followed by heating. Melting points were obtained on a Büchi B540 apparatus in open capillary tubes and are uncorrected. Proton nuclear magnetic resonance ( 1 H-NMR) data were acquired on a Varian VXR 300 (300 MHz) or on a Bruker AV400 (400 MHz) spectrometer. Chemical shifts are reported in delta ( ) units, in parts per million (ppm) downfield from tetramethylsilane. Splitting patterns are designated as s, singlet; d, doublet; t, triplet; q, quartet; sept, septet; m, multiplet, br, broad. Proton decoupled Carbon-13 nuclear magnetic resonance ( 13 C-NMR) data were acquired at 75 MHz on a Varian VXR 300 or at 100 MHz on a Bruker AV400 spectrometer. Chemical shifts are reported in ppm relative to the center line of a triplet at 77.0 ppm for chloroform-d. Infrared (IR) data were recorded on a Perkin Elmer, Spectrum 100, FT-IR Spectrometer. Absorbance frequencies are reported in reciprocal centimeters (cm -1 ). High resolution mass spectra were performed by the MS-service at the Laboratory of Organic Chemistry, ETH Zurich, and are given in m/z. Optical rotations were measured on a Jasco P-1000 polarimeter using a 10 cm cell with a Na 589 nm filter. The specific solvents and concentrations (in g/100 mL) are indicated.
1
H-NMR (400 MHz, CDCl 3 ) : 7.46 -7.12 (m, 6H + 6H*), 6.44 -6.32 (m, 2H), 6.22 (dd, J = 3.3, 1.8, 1H*), 6.07 (dd, J = 3.3, 0.8, 1H*), 3.07 -3.00 (m, 2H*), 2.92 -2.86 (m, 2H), 2.84 -2.78 (m, 2H), 2.56 -2.49 (m, 2H*), 1.67 (s, 3H*), 1.35 (s, 3H) ppm; 13 C-NMR (100 MHz, CDCl 3 ) : 158.9, 158.7*, 151.8, 150.9*, 142.2, 141.8*, 128.3, 128.2*, 125.5, 125.4*, 125.1*, 125.0, 110.2, 110.1*, 105.7, 104.5*, 68.7*, 67.4, 47.9, 47.4*, 36.0*, 34.0, 32.8*, 31 .0 ppm; IR (ATR): ~ = 3380, 3025, 2957, 2935, 2866, 1761, 1602, 1495, 1445, 1418, 1373, 1282, 1245, 1180, 1160, 1119, 1079, 1052, 1028, 1008, 929, 883, 808, 763, 737, 701 cm -1 ; HRMS (EI) calc'd. for [C 15 H 16 O 2 ] + : 228.1145, found: 228.1143; R f : 0.34 (Pentane/EtOAc 8:1); Mixture of cis and trans isomers (1.3:1), * denotes the signal of minor isomer.
cis/trans-3-ethyl-3-phenyl-1-(2,4,6-trimethoxyphenyl)cyclobutanol:
1 H-NMR (300 MHz, CDCl 3 ) : 7.40 -7.08 (m, 5H + 5H*), 6.14 (s, 2H), 6.07 (s, 2H*), 3.83 (s, 6H), 3.82 (s, 3H), 3.79 (s, 6H*), 3.77 (s, 3H*), 3.07 -2.87 (m, 4H + 2H*), 2.81 -2.73 (m, 2H*), 2.38 (br s, 1H*), 2.22 (br s, 1H), 2.16 (q, J = 7.4, 2H*), 1.65 (q, J = 7.3, 2H), 0.70 (t, J = 7.4, 3H*), 0.59 (t, J = 7.3, 3H) ppm; , 159.0, 158.7*, 150.6*, 148.6, 127.6, 127.4*, 126.8, 126.1*, 124.8, 124.6*, 115.3*, 114.7, 91.0, 90.8*, 72.2*, 72.1, 55 .6 (C + C*), 55.5*, 55.3, 49.4, 47.8*, 42.0, 41.9*, 38.7, 35.3*, 9 .0 (C + C*) ppm; IR (ATR): ~ = 3359, 3056, 3024, 2960, 2931, 2874, 1600, 1466, 1386, 1338, 1313, 1238, 1171, 1115, 1028, 910, 782, 732, 702 , 143.6, 138.5, 138.2*, 127.9, 127.7*, 126.7, 126.6*, 126.0, 126.0*, 125.4, 125.2*, 121.9, 121.7*, 120.8, 120.6*, 119.5, 119.4*, 109.1, 108.9*, 99.3, 98.5*, 68.9*, 68.3, 46.7, 45.9*, 40.7*, 38.8, 37.0*, 36.0, 31.2, 30 .9*, 9.0, 8.8* ppm; IR (ATR): ~ = 3561, 2958, 2935, 2837, 1606, 1493, 1455, 1414, 1332, 1225, 1204, 1157, 1127, 1062, 1040, 950, 813, 760, 703 152.6, 148.7, 128.0, 126.8, 126.3, 125.5, 125.1, 123.5, 70.3, 49.1, 38.6, 36.0, 8.8 ppm; IR (ATR): ~ = 3309, 2966, 2932, 1494, 1444, 1376, 1268, 1238, 1114, 1077, 1049, 1023, 836, 759 , 700 cm 3, 148.2, 127.8, 126.8, 126.3, 125.4, 124.3, 122.5, 71.1, 48.9, 39.5, 37.1, 8.7 ppm; IR (ATR): ~ = 3283, 2963, 2934, 1445, 1416, 1266, 1245, 1175, 1016, 909, 825, 759, 703 cm 4, 147.7, 131.2, 128.1, 127.6, 126.8, 125.1, 123.5, 70.3, 49.5, 43.2, 37.9, 26.7, 22.7, 13 .9 ppm; IR (ATR): ~ = 3359, 2959, 2930, 2860, 1491, 1468, 1414, 1397, 1350, 1267, 1242, 1121, 1091, 1011, 830 151.5, 144.9, 132.2, 128.4, 127.8, 126.6, 124.1, 122.2, 71.8, 69.9, 48.0, 40.9, 26 .1, 18.6, -5.5 ppm; IR (ATR): ~ = 3430, 2954, 2929, 2857, 1493, 1471, 1413, 1399, 1253, 1179, 1093, 1068, 1013, 840, 780, 697 cm 145.8, 131.7, 128.2, 128.0, 126.8, 125.1, 123.5, 70.5, 70.5, 45.7, 40.1, 25.8, 18 .2, -5.7 ppm; = 3391, 2954, 2929, 2886, 2856, 1493, 1471, 1252, 1092, 1014, 836, 776 -1-(4-chlorophenyl)-3-hydroxy-3-(thiophen-2-yl) 6, 149.7, 141.4, 132.8, 128.5, 127.7, 126.6, 125.8, 124.0, 70.1, 52.6, 48.3, 44 .1 ppm; IR (ATR): ~ = 3452, 2997, 2950, 1796, 1731, 1491, 1286, 1243, 1105, 1092, 1014, 832, 764, 704, 669 cm -1 ; HRMS (EI) calc'd. for [C 16 H 15 150.7, 149.8, 147.9, 128.8, 126.8, 126.4, 126.1, 125.2, 123.6, 121.5, 70.7, 50.8, 42.9 1-(4-chlorophenyl)-3-(furan-2-yl)-3-hydroxycyclobutanecarboxylate (1g 6, 156.1, 142.7, 141.5, 132.8, 128.5, 127.6, 110.1, 106.3, 67.7, 52.6, 45.8, 44 .3 ppm; IR (ATR): ~ = 3424, 3000, 2951, 1730, 1492, 1433, 1400, 1290, 1262, 1242, 1195, 1155, 1109, 1090, 1015, 995, 851, 832, 763, 742 cm 136.2, 134.8, 127.4, 123.8, 123.3, 49.7, 42.3, 34.7, 28.0, 9.3 ppm; Characterization data for 6a is described in: a) Matsuda, T.; Shigeno, M.; Makino, M.; Murakami, M. Org. Lett. 2006, 8, 3379-3381; b) Fillion, E.; Wilsily, A. J. Am. Chem. Soc. 2006 , 128, 2774 -2775 HPLC separation (Chiralpak IC, 4.6 x 250 mm; 0.5 % i-PrOH / hexane, 1.0 mL/min, 254 nm; t r (minor) = 31.87 min, t r (major) = 32.64 min, 88 % ee.
IR (ATR)
: ~
trans-methyl 1-(4-chlorophenyl)-3-hydroxy-3-(thiophen-2-yl)cyclobutanecarboxylate

S-7
(R)-3-butyl-6-chloro-3-methyl-indan-1-one (6b): General Method, cis-1b, (S)-Difluorphos, 97 %, 88 % ee. 6, 160.9, 137.6, 134.8, 133.8, 125.2, 123.1, 50.4, 41.9, 41.9, 28.3, 27.2, 23.1, 13 .9 ppm; IR (ATR): ~ = 2958, 2927, 2858, 1718, 1465, 1240, 826 cm 158.2, 138.5, 134.3, 134.1, 125.7, 122.9, 70.7, 48.5, 44.1, 25.6, 23.4, 18.1, -5.7, -5 .8 ppm; IR (ATR): ~ = 2955, 2929, 2885, 2856, 1720, 1602, 1470, 1254, 1236, 1180, 1109, 837, 777 cm 
